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@ Coating composition for optical plastic moldings. 

® A coating composition that can be applied to optical plastic moldings ^^^^^^J^ 
^ to protect them from deterioration by light without any adverse effect on their optaal functions. The 
coating composition contains the following essential constituents. 

8 ISX of^ol^^Ane particles a particle diameter of MOD- 
in whteh ttarium oxide integrafly combines with (i) iron oxide, with the ratio of ron oxide to titanium 
o^de^inTo O^^ STweight ; or CD moon «dde with the ratio of silicon oxde to Manium oxide 

^(C) SSK ^rT^ unsaturated or saturated polycarboxylte acid or an anhydride thereof; and 
{□) 0.01-05 part of a heat-curing catalyst 
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Th present invention relates to a coating composition for optical plastic moldings. The term 'optical plastic 
moldings- as used In this specification Implies plastic moldings for use as spectacle lenses, camera lenses. 

and other optical parts. 

Optical plastic moldings are expected to find use In various fields on account of their outstanding charao- 
6 teristic properties such as light weight good processabllity, and high Impact resistance. However, their use has 
been limited owing to their low hardness and poor resistance to scratch, light, and heat TTiey tend to decrease 
In hardness and resistance to scratch and light as they Increase In refractive index. To eliminate these disad- 
vantages, optical plastic moldings are usually provided with hard coating film. The present Inventors had pre- 
viously proposed a coating composition for this purpose (Japanese Patent Publication No. 42665/1982). It to 
10 composed of a siane compound having an epoxy group, carboxylic acid, and curing agent and is applicable 
to dyeable optical plastic moldings. It has been put to practical use. 

Unfortunately, this coating composition has been found to have a disadvantage that It brings about optical 
Interference when it is applied to optical plastic moldings having a refractive Index higher than 1.6. because It 
gives rise to a coating film having a refractive index in the neighbourhood of 1.5. The Interference is detrimental 
is to the performance of the optical plastic mddlngs. Another disadvantage Is that the coating fflm becomes poor 
In adhesion as the optical plastic moldings are deteriorated by light 

The present invention was completed to reduce or eliminate the above-mentioned disadvantages. 
The first aspect of the present Invention Is embodied In a coating composition for optical plastic moldings 
which comprises: 
20 (A) 1 part by weight of a hydrdyzate of a sHane compound; 

(B) 0 2-5 parts by weight of titanium oxide-based composite fine particles having a particle diameter of 1- 
100nm in which titanium oxide Integrally combines with iron oxide, with the ratio of Iron oxide to titanium 
oxide being 0.005-0.15 by weight; 

(C) 0.02-0.5 part by weight of an unsaturated or saturated polycarboxyilcacld or an anhydride thereof; and 
25 (DJO.01-02 part by weight of a heat-curing catalyst , 

The second aspect of the present invention is embodied In a coating composition for optical plastic moldings 

which comprises: 

(A) 1 part by weight of a hydrdyzate of a sBane compound; 

(B) 0 2-5 parts by weight of titanium oxide-based composite fine partides having a partlde diameter of 1- 
30 100 nm in which titanium oxide integrally combines with silicon oxide, with the ratio of silicon oxide to tita- 
nium oxide being 0.03-0.7 by weight 

(C) 0.02-0.5 part by weight of an unsaturated or saturated pdycarboxyilcaddoran anhydride thereof; and 

(D) 0.01 -0.2 part by weight of a heat-curing catalyst. 

According to the present Invention . the coating composition for optical plastic moldings has a specific oom- 
35 position as mentioned above, so that when it is applied onto a substrate (plastic molding) and then cured, It 
forms a coating fflm which completely protects the plastic molding from deterioration by light without Impairing 
its optical properties, no matter how high Its refractive index might be. 

In other words, the coating composition of the present invention differs from the conventional one of the 
same kind in that It Is composed of an organosHicon compound (as the major constituent), special titanium ox- 
40 Ide-based composite fine particles, and a reactive pdycarboxyllc add (or anhydride thereof), and a curing 
agent It forms a coating film having good resistance to weathering, impact heat hot water, chemicals, and 
wear, and good darity, flexibility, dyeabllfty. and adhesion to deposited metal film. The coating film conforms 
to any optical plastic molding, no matter its refractive index. 

By use of the present invention there may be provided a coating composition for optical plastic moldings 
45 which has little or no adverse effect on the optical performance when applied to optical plastic moldings having 
a high refractive Index and yet completely protects optical plastic moldings from deterioration by light 

The constituents of the coating composition are explained In what follows. (Their amounts are expressed 
in terms of parts by weight unless otherwise spedfied.) 

co (A) Hydrdyzate of sBane compound: 

(1) The sfiane compound is not specifically restricted, but the one having an epoxy group as represented 
by formula (1) below is preferable 

Rei^SltOR?)^^) 0) 
66 (where R 1 denotes a C« organic group having an epoxy group; R 2 is a C,_s hydrocarbon group, halogenated 
hydrocarbon group, or aryl group; R a is a alkyl group, alkoxy group, or acyl group; and a - 1 . b - 1 or 2.) 
Examples of the silane compound are given below. 
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glycidoxymethyitrimethoxysian , 

gl^doxymethyitriethoxysllane, 

gf^idoxymethyitripropoxysflane, 

glycidoxymethyltributoxylslane, 
5 a^lyddoxyetftyltrimethoxyailane, 

a-glycWoxyethyltriethoxysDane 

a^lyddoxyethyltripropoxyslane, 

a-glyddoxyetfiyltribiitoxysflane, 

p-glyddoxyethyttrimethoxyslane, 
io p^tyddoxyethyrftnethoxysiane, 

p-glycidoxyethyltrli^opaxysSane, 

p-gtycidoxyethyltributoxyslane, 

a-glyddoxypropyftrirnethaxysBane, 

a-gtycidoxypropyttriefhoxyslane, 
is a^tyddoxypnopyftrtpropcwysnane, 

a-glyckJoxypropyftr&utoxysIane, 

p-glyddoxypropyltrtmethoxysllane, 

p-glyddoxypropyitifethoxysflane, 

p-glyddaxypropyitripropoxysliane, 
20 p-giyddoxypropyitrlbutDxysGane, 

y^lyckjoxyprop^methoxysHane, 

y-glycidoxypropyttriethoxysflane, 

y-glyckJoxypropyftributoxysiane, 

a-glyddoxybutyltiimethoxysllane, 
25 a-glycidoxybutyttriethoxysilane, 

a-glycidoxybutyltripropoxysiane, 

a-gtycidoxyfoutyltjibutoxysil&ne. 

p-gtyddoxybutyltrimethoxysaane, 

p^fyddoxybutytotethoxyslane, 
so p-glyddoxybutyltripropoxyaBane, 

p-gfyddoxybutyftributDxyslane, 

^lycidoxybulyltrimethoxysBane, 

y^lycWoxybutyltriethoxysilane, 

y^lycWoxybutyltripropoxysaane, 
35 T-glycldoxybutyltributoxysilane, 

giyddoxyrnethyfmethytd imethoxysllana, 

gt^doxymethyimethytdiethoxysfiane, 

gtyddoxymethyimetiiyldlpfupoxysliane, 

glyddoxymethyimethyldlbutoxysflane, 
40 a-glyddoxye%imethytdim^tioxysllane, 

a-glycidoxyethyfmethyldiethaxysflane, 

a-glyddoxyethylmethyldipropoxysilane, 

a-gtyddoxyethyimethytdlbutDxysQane, 

P^tyddoxyethylmethyldimethoxysflane, 
45 p-g lyddoxy ethylmethyl dtethoxysila ne, 

a^lyddoxypropylethyldtmethoxysllane, 

a-glycidoxypfx>pytethyldlethoxy8llane. 

p-gfyddoxypropyiethyldimethoxysflane, 

y^lycWoxypropylethyldipropoxysnane, 
so Y-glyckloxypropylethylbutoxysilane. 

(2) It (8 desirable that the above-mentioned sSane compound be used in combination with a tetraafkoxysf- 

lane represented by the formula (2) below. 

Si(ORi)4 (2) 
(where R 1 denotes an alkoxy group or alkoxyalkyl group.) 
65 Examples of the tetraaJkoxysilane are given below, 
te frame thoxysflane, 
tBtraethoxysiiane. 
tetrapropoxyslane, 
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tetrabutoxysBane, 

tetramethylmethoxysliane, 

tetraethylethoxysflane, 

tetrapropylpropoxysflane, 

tetrabutylbutaxysDane. 

(3) The sflane compound having an epoxy group represented by the formula (1) above Mparts wear re- 
sistance, impact resistance, hot water resistance, dyea bflity, clarity, and flexibflity to the coating film (hard coat) . 
The tetraalkoxy silane represented by the formula (2) above Imparts wear resistance to the coating fflm but 
hardly Imparts hot water resistance and flexibility to the coating film unlike the former silane compound. The 
coating composition of the present invention contains either or both of these sflane compounds. In the latter 
case, the ratio of the first silane compound to the second should preferably be from 1:0.1 to 1:2 by weight 

(4) TTie sflane compound should be hydroryzed with pure wateror an acidic aqueous solution (such as dilute 
hydrochloric acid). The hydrolysis may be accomplished after the silane compound has been mixed with a sol- 
vent Examples of the solvent include lower alcohols, ketones, ethers, toluene, xylene, and monofuncticnal 
epoxy compounds. To accelerate the Initial condensation reaction, the resulting solution should be refluxed at 
50-80°C for 5-8 hours; alternatively, the solution should be allowed to stand at room temperature for 24-84 
hours. 

(B) Titanium oxide-based composite fine particles: 

(1) The titanium oxide-based composite fine particles differ In composition depending on the embodiment 
According to the first embodiment they are composed of titanium oxide and Iron oxide which are Integrally com- 
bined with each other. According to the second embodiment they are composed of titanium oxide and silicon 
oxide which are integrally combined with each other. 

In either embodiments, the titanium oxide-based composite fine particles should be used in an amount of 
0.2-5 parts (preferably 0.5-3 parts) for 1 part of the hydrolyzate of the sflane compound. With an amount less 
than 0.2 part they do not make the coating film to screen near ullravlolet rays. With an amount In excess of 5 
parts, they cause the whitening of the coating film and reduce the scratch resistance of the coating fflm. 

They should have a particle diameter of 1-100 nm (preferably 2-60 nm). With a particle diameter smaller 
than 1 nm, they do not improve the scratch resistance and refractive Index of the coating f im. With a particle 
diameter larger than 100 nm, they cause the whitening of the coating film. 

(2) In the titanium oxide-based composite fine particles, titanium oxide combines with iron oxide or silicon 
oxide to form (a) a chemically combined composite oxide or (b) a solid solution, with titanium oxide dissolving 
iron oxide or silicon oxide therein. 

The titanium oxide-based composite fine particles suppress the optical activity without Impairing the char- 
acteristic properties (high refractive index), unlike the conventional fine particles made up of titanium oxide 
alone. Therefore, they protect both the coating film and substrate (optical plastic molding) from deterioration 
by near ultraviolet rays. 

In the first embodiment the ratio of iron oxide to titanium oxide should be 0.005-0.1 5 (preferably 0.01-0.7). 
With a ratio lower than 0.005, hardly the optical activity of titanium oxide can Inhibit with the result that the 
substrate (optical plastic molding) deteriorates and the coating film itself also deteriorates, leading to yellowing 
and poor adhesion. With a ratio In excess of 0.16, the fine particles brings about the coloring of the coating 
film by Iron oxide, which limits the application area of the coating fflm for optical plastic molding. 

In the second embodiment, the ratio of silicon oxide to titanium oxide should be 0.03-0.7 (preferably 0.05- 
0.5). With a ratio lower than 0.03, hardly the optical activity of titanium oxide can Inhibit with the result that the 
substrate (optical plastic molding) deteriorates and the ooating film itself also deteriorates, leading to yellowing 
and poor adhesion. With a ratio in excess of 0.7. si icon oxide makes titanium oxide less effective in improving 
the refractive index of the coating fflm. This makes the coating film unsuitablefor optical plastic moldings having 
a high refractive index and hence limits the application area of the coating film. 

The titanium oxide-based composite fine particles in the first embodiment may also be incorporated with 
silicon oxide, so as to Improve their compatibility with the above-mentioned silane compound at the time of prep- 
aration of the coating composition and to improve the light resistance of the coating flm. In this case, the ratio 
of iron oxide to titanium oxide should be 0.005-1 .0, preferably 0.01-0.7, and the ratio of silicon oxide to titanium 
oxide plus Iron oxide should be 0.03-0.7, preferably 0.05-0.5. With a ratio of sil Icon oxide lower than 0.005, the 
fine particles are poor in compatibflity with the silane compound and hence the coating composition has a short 
pot I If . Conversely, with a ratio of silicon oxide higher than 0.7, the fine particles d not Improve the retractive 
index of the coating film and hence the resulting coating f flm is not suitable for optical plastic moldings having 
a high refractive Index. 
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(3) The combination of titanium oxide with iron oxide may be accomplished in the usual way (as disclosed 
(n, for example, Japanese Patent Laid-open No.1 7821 9/1 990) by deftocculatfng hydrated titanium oxfde so! 
and hydrated Iron oxide sol by the aid of an acid, dissolving the deflocculated product in hydrogen peraxid , 
and heating the solution for hydrolysis. Similarly, the combination of titanium oxide with Iron oxide and slicon 

c oxide may be accomplished by def locculafing hydrated titanium oxide sol and hydrated iron oxide sol by the 
aid of an acid, dissolving the deflocculated product in hydrogen peroxide, adding a dispersion of slide acid, 
for example, which Is prepared through devitalization of an aJkali-sflicate aqueous solution, and heating the 
solution for hydrolysis. 

The thus obtained bydrolyzate is a dispersion of fine particles. This hydrolyzate is preferably refined with 
10 iron exchange, reverse osmosis, ultrafiltration, or vacuum evaporation and so on. 

(4) The titanium oxide-based composite fine particles should preferably be treated with a sflane coupling 
agent for surface modification. The surface modification improves the compatibility of the fine particles with 
the sflane compound, with the result that the coating composition has improved scratch resistance. 

The surface modification makes the composite fine particles readily dispersfcle as the result of blocking 
« with a silane coupling agent the hydroxy! groups of titanium oxide, Iron oxide, and silicon oxide. Examples of 
the sflane coupling agent (as surface modifier) include tetramethoxysOane, methyttrimethoxysllane, trimethyi- 
chlorosllane, vinyltrfethoxysflane, y -glycidoxypropyttrfethoxysiiane, and y -glycidoxyprx)pylmethyld)ethoxys(- 
lane. The surface modification may be done In the usual way by, for example, dipping the fine particles In an 
alcohol solution of the silane coupling agent 

20 

(C) Pdycarboxylic acid: 



(1) The polycarboxyiic acid Is either saturated one or unsaturated one or an anhydride thereof. It should 
be used In an amount of 0.02-0.5 part preferably 0.05-0.4 part lor 1 part of the hydrofyzate of the sfane corn- 

25 pound. 

The polycarboxyiic acid causes s&anol groups to condensate after hydrolysis of the sflane compound, giv- 
ing rise to a potyslloxane having a carboxyl group In the side chain, so that the resulting coating composition 
is dyeable and provides a coaling film having good resistance to heat hot water, and wear, good antistatic prop- 
erty, and high surface hardness. In addition, the polycarboxyiic acid also functions as a cocatalyst to activate 
30 the heat-curing catalyst mentioned later. 

With an amount less than 0.02 part the polycarboxyiic acid Is not enough to improve the coating film In 
hot water resistance, wear resistance, and surface hardness. With an amount in excess of 0.5 part, the poly- 
carboxyiic acid blooms to impair the appearance of the coating film. 

(2) Examples of the polycarboxyiic acid Include maletc acid, malelc anhydride, fu marie acid, fumaric an- 
ss hydride, itaconic acid, itaconic anhydride, citraconic acid, crtraconic anhydride, mafic acid, mafic anhydride, tet- 

rahydrophthalicacld, nadic anhydride, chJoromaleic add, HET acid (chlorendtc acid), trimellfticacid, trimellftfc 
anhydride, pyromell Ric acid, and pyromelllticanh^ maleicacid, itaconic acid, trimellitic 

acid, and trimellitic anhydride are preferable. 



40 (D) Heat-curing catalyst 



(1 ) The heat-curing catalyst catalyzes the polymerization of epoxy groups in the silane compound and the 
polycondensation of silanol groups, thereby Increasing the degree of crosslinktag of the coating film resin. 

The heat-curing catalyst should be used in an amou nt of 0.01-02 part preferably 0.02-0.1 5 part for 1 part 
4s of the silane compound. With an amount less than 0.01 part It does not Impart sufficient hot water resistance, 
wear resistance, and surface hardness to the coating film. With an amount in excess of 02 part it blooms to 
impair the appearance of the coating film. 

(2) Examples of the heat-curring catalyst include imidazole compounds represented by the formula (3) be- 
low. 



55 



R 4 



R 3 



N N 

R 1 I 
R 2 



6 



EP 0 526 075 A2 



(where R 1 d notes hydrogen or a cyanoalkyl poup; R 2 denotes hydrogen, a phenyl group, or a C1-3 alky( 
group; Rs denotes hydrog n or a Ci_a alkyf group, cyanoalkyl group, alkoxyaDcyi group, or hydraxymethyl grou p; 
and R 4 denotes hydrogen, a hydroxymethyt group, or a Cu& alkoxyalkyl group.) 

Examples of the Imidazole compounds are given below. 
2-msthyllmldazoJe, 
2-ethylimidazole, 
2-ethyl-4-ethytimJdazole, 
2-propyfimldazole, 
2-propyl-4~methyl Imidazole, 
2-propyl-4-emyl imidazole, 
2-phenylimtdazote, 
2- phenyt-4-methyl imidazole, 

1- cyajiomemyl-2-methyllmldazole, 

1 -cyanoethy]-2 l 4-dlmethyIlmfdazote, 
1 -cyanoethyf-2-propylimidazde, 
1 -cyanoethy)-2-phenyllmldazoie, 

2- phenyl-4^ethy1-ShydroxymethyilmidazoJe f 
2-phenyM,54[hydroxymethylimidazole, 

1 -^noemyi-2-F^nyW,5^icyanoethoxylmidazole. 

Of these examples, me following In which the substituent R 1 la a cyanoalkyl group are preferable. 
1 -cyanoethyl-2-methyllmldazole, 
1 -cyanoethyi-2 l 4-dlmethyiimldazole, 
1 -cyanoethyl-2-propylimldazote, 
1 -cyanoethyl-2-phenylhridazole, 
1 -cyano-2-pheny1-4,5-d icyanornethylimkiazole. 

In addition to the above-mentioned imidazole compounds, me heat-curing catalyst includes dicyandiamide, 
Refnecke'a salt, and acetyiacetone metal salt represented by the formula (4} below. 

MfCHzCOCHzCOCHaJn (4) 
(where M denotes Zn (II I), Co (III), Fe (111), Cr (III), or Al (III); and n la an Integer of 2 or 3 which corresponds 
to the valence of M. 

(E) Preparation and application of the coating composition: 

(1) The coating composition of the present Invention should preferably be incorporated with a variety of 
additives to improve the performance of the coating film. 

Examples of the additive to improve the adhesion of the coating film to the substrate (optica] plastic mold- 
ing) and to improve the dyeabitty of the coating film Include potyofef In-based epoxy resin t poJygiycidylester 
resin, polycondenaate of eptchlorohydrin and Wsphenol A, glycWyl methacrylate, and acrylic copolymer. 

Examples of the additive to protect the substrate from ultraviolet rays include benzophenone- based, ben- 
zotriazole-based, and phenol-based UV light absorbers. 

The coating composition may also be Incorporated wfth a sflicone-based or fluorine-based surfactant as 
a levelling agent to improve the smoothness of the coating film. 

(2) The coating composition of the present invention may be applied in the usual way by brushing, rolling, 
spraying, spin coating, or dipping. Application should be performed such that the coating thickness after drying 
is 0.5-20 (im, preferably 1-7 ym. 

Prior to application, the substrata should undergo pretreatment such as degreasing (with an acid, alkali, 
detergent, or solvent), plasma treatment, and ultrasonic cleaning. 

After application, the coating composition of the present invention should be cured by heating at 60-1 50°C, 
preferably 80-1 00°C, depending on the substrate, for 2-3 houm. 

(3) The coating composition of the present invention may be applied to those substrates (optical plastic 
moldings) made of poiymethyl methacrytate, polycarbonate, polystyrene, polyester, poiyurethane, potythiour- 
ethane, aliphatic aryl carbonate, and aromatic aryi carbonate. 

The Invention wffl be described in more detail with reference to the following Examples and Comparative 
examples, which are not Intended to restrict the scope of the invention. 
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(A) Substrates and heat-curing catalysts: 

(1) A molded product of polycarbonate fLexan' made by General Electric Co., Ltd. was used as the sub- 
strate in Examples 1 to 3, and 1A to 3A, and Comparative Examples 1 to 3. A spectacle fens (specified below) 
5 was used as the substrate In Examples 4 to 10, and 4 A to 10A. and Comparative Examples 4 to 6, 4A to 6A, 
and 7 and 9, 

The spectacle lens (80 mm In diameter, 2 mm thick at the center, and diopter -2.00D) was molded by casting 
from a monomer mixture composed of 90 parts of dlaHyl dlphenate, 10 parts of urethane acryiate ("NKU-20QAX" 
made by Shln-Nakamura Kogyo Co., Ltd.), and 4 parts of dilsopropyl peroxydicarbonate. 
10 (2) Heat-curing catalysts are Identified by the following codes. 
IM-4 .... 2-emyU-methytlmldazole, 
IM-8 .... 2i)henyM-methyi'imktezole, 
IM-12 ... 1^m)e1hy^2-metr^lmfdazofe. 

is (B) The coating film was tested for performance in the following manner. The results are shown In Tables 1 
to 3. 

(a) Wear resistance test 

Wear resistance was tested by rubbing the sample with steel wool (#0000) and rated according to 
20 the following criteria 
A : hardly scratched 
B: slightly scratched 
C : heavily scratched 
(a) Surface hardness test 

25 Surface hardness was tested using a pencil scratch tester (1 kg load) according to JISK-5400. The 

result Is expressed in terms of the highest pencil hardness at which the sample was not scratched. 

(c) Appearance test 

Appearance was evaluated by observing the presence or absence of interference fringe and haze. 
The observation of Interference fringe (iridescent color) was accomplished by causing the sample 
sa to reflect the Iightfrom a fluorescent lamp* in a darkroom. (* three-wavelength type, daylight color, 'Lupica- 
Aoe" 15W, made by Mitsubishi Electric Corporation.) Rating Is based on the following criteria. 
A : no iridescent color 
B : slight Iridescent odor 
C : apparent Iridescent color 

35 The observation of haze was accomplished by causing the sample to transmit iightfrom a fluores- 

cent tamp (as mentioned above) In a dark room. 

(d) Adhesion test 

Adhesion was tested according to JISD-0202 and the result Is expressed in terms of the number of 
cross cuts (out of 100) which remained after three repetitions of peeling by cellophane adhesive tape. 
40 (e) Hot water resistance test 

Hot water resistance was evaluated by observing the appearance of the sample and the adhesion 
of the coating fflm after the sample had been immersed In boiling water (1 00°C) for 1 hour. 

(f) Weather resistance test 

Weather resistance was evaluated by observing the appearance of the sample after exposure for 
46 400 hours In an accelerated weathering tester ("Sunshine Superfongfffe Weather-onmeter* made by Suga 
Shikenkl Co., Ltd.) 

(g) Dyeabflity test 

Dyeability was evaluated by measuring the decrease of light (at 550 nm) passing through the sample 
which had been dipped in a dye solution for 5 minutes. The dye solution was prepared by dissolving 0.4 
60 part of dye ("Dlanix Brown 2B-FS" made by Mitsubishi Chemical Industries Ltd.) and 0.4 part of surface 
active agent ("GNK-01" mace by Ninon Senka Kogyo Co., Ud.) in 100 parts of hat water (90*C). The de- 
crease of light was measured using a luminous transmlttence factor meter ("Core SM&-1* made by Uji- 
Kodensha Co., Ud.). The dyeability is rated according to the following criteria, 
good : decrease of light more than 30% 
56 fair : decrease of light from 20% to 30% 

poor : decrease of fight less than 20% 
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Examples 1 to 3 and 1A to 3A 
parte o7o^.J^ 

w»T 92 part .of methyl alcohol and 200 parts of methyl ethyl ketone by stirring for anofter 1 hour. The 
S^^sa^ed 2 atand at room temperature for 24 hours. The resulting hydrolyzate b designated 
as HG-40 hereinafter. 

(2) T^^rmC^h the titanium oxide-based composite fine parades as spec^d 

M (Sin Examples 1 to 3: 45 partsof -OpWalof 1130F-(made by Catalysts and Chemicals Industries Co.. 
S.)Se£,- 9872. pert* diameter- 16 run. solids content - 30%. dispersing medium - methyl 
alcohol, surface modifier = tetraethoxysOane. ...«-,. ,„._ 

Examples 1 A to SA 60 parts of -Queen Titanlo-11 • (made by Catalysts & Chemtaata ^ndusWes 
Co L^TWSlO l »B5/15. f ^tioledlameter-16 ran. solkte content =30%. dispersing solvent* me- 

tb^nSTpa^ he^V.4 partsof 

imidSSeimpound (aTthe curing agent) as shown In Table 1 was added by strong for 2 hours. 

Henkel Kogyo Co.. Ltd.) at 60°C for 3 minutes, followed by rinsing and oven drying. 

W was ap^ted to the plated subatmte by dipping (at a pulhup rate of 70 

mm/mtn). Curing was carried out at 100°C for 2 hours. 

Examples 4 to 6 and 4A to 6A 

□arts of methyl alcohol and 1 64 parts of 0.01N aqueous solution of hydrochloric acid by stirring at eOrpm 
Kl^fhes^ln was id wtth 200 parts of teopropyl alcohol by ^J^T^i^ 
T^so^wasallowedtostendtf^ 
as H6-41 hereinafter. 

(2> Ta^^^vTZd 0 ! the «tenlum oxide-based compos* fine parades as spec* ted 

bel W in Examples 4 to 6: 95 parts of -OpWake-USOF-l" (made by Catalyst, and ChemlcaJ i Industfes 
Sy Ltd.) TWFejO, - 95/5, 810^0, * = 1 0/80. particle diameter = 16 nm. solids content - 
30%. dispersing medium - methyl alcohol, surface modifier - vlrrylWethoxysltane. 
ft)inExamPle84Ato6A: l05r^ofTJueenTltanio.11.1'(n^^ Indus- 
SrctS^SlO, - 70/30. oartde diameter - 15 nm. solids content - 30%. dispersing medium 
a methyl alcohol, surface modifier = tetraethoxysllane. 
Subs^uensy.Wparteofpdycamoxyllcacidassho^ 

yiacetonednoand 0.5 part of levelling agent ("Florad FC430. made by SurnhornoSM Co..Ud.)wereadd- 

® '^Z^lZEZ* in a 10% aqueous sCution of sodium hydroxide (at 50-C) for 1 0 minutes, 
followed by rinsing for 6 minutes. Immersing In pure water for 3 minutes, and oven drying. 

W 'tTcX SSX" was applied to the pretreated substrate by dipping (at a .eve. lowering rate 
of 90 mm/mln). Curing was carried out at 100°C for 2 hours. 

Examples 7 and 7A 

The coating composW n was prepared as follows: 290 parts of HG-40 was mixed with th titanium oxlde- 
^t^Tr.^:^^^ * Catavsts and Ch mica, Industries Co.. Ud.) 
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7KtyFe20 s - 98/2, StO^CfiCh + Fe^Oj) - 1 0/90, particle diameter - 20 run, solids content » 30%, dispersing 
medium ■ methyl alcohol, surface modifier ■ Y-glyddoxypropyltrlethoxyallane. 
(b) In Example 7A: 90 parts of "Queen Tttanio-11 " (made by Catalysts and Chemicals Industries Co., Ltd.), 
the same one as used In Example 1 . 

Subsequently, 1 0 parts of trimellitic anhydride was added. Finally, 5 parts of dicyandiamide and 2 parts of 
levelling agent fSILWET L-77" made by Nippon Yunika Kogyo Co., Ltd.) were added. 

The same procedure as in Example 4 was used for the pretreatment of the substrate and the formation of 
the coating fDm. 

Examples 8 and SA 

Each of the spectacle lenses prepared In Examples 7 and 7A underwent vacuum deposition for coating 
with SlOs (AM). ZrOs (A/4), SiO* (AM). ZrCfe (AM). SI0 2 (A/4), ZrOa (A/4), and SiOj (A/2) (where A, - 620 nm), In 
order starting from the obverse. 

Examples 9 and 9A 

The same procedure as in Examples 7 and 7A was repeated except that 1 0 parts of trimeilitlc anhydride 
was replaced by 12 parts of ftaconlc acid. 

Examples 10 and 10A 

Each of the spectacle lenses prepared in Examples 9 and 9A underwent vacuum deposition for coating 
with SK>2 (A/4), ZrQz (A/4), SfQz * ZrOj (A/4), and SiO* (A/3), (where X - 620 nm), in order starting from the 
obverse. 

Comparative Examples 1 to 3 and 1 A to 3A 

These comparative examples are intended to show the effectiveness of the titanium oxide-based compo- 
site fine particles by comparing them with titanium oxide fine particles. 

The same procedure as in Examples 1 to 3 and 1 A to 3A was repeated except that the titanium oxide-based 
composite fine particles were replaced by titanium oxide fine particles "Sunveil 11-1530" (made by Catalysts 
and Chemicals Industries Co., Ltd., TIO2 solids content = 30%, particle diameter =15 nm), the dispersing me- 
dium was replaced by methyl alcohol, and the surface modifier was replaced by tetraethoxysBane. 

Comparative Examples 4 to 6, 4Ato 6A. 7 and 9 

The same procedure as in Examples 4 to 7, 4A to 6Aa, 7 and 9, was repeated except that the titanium oxide- 
based composite fine particles were replaced by titanium oxide fine particles (the same one as used in Com- 
parative Example 1). 
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Claims 

1. A coating composition for pticai plastic moldings which comprises: 

(A) 1 part by weight of a hydrolyzate of a ellane compound; 

(B) 0.2-5 parts by weight of titanium oxide-based composite fine particles having a particle diameter 
of 1-100 nm In which titanium oxide integrally combines with Iron oxide, with the ratio of Iron oxide to 
titanium oxide being 0.005-0.15 by weight; 

{C) 0.02-0.5 part by weight of an unsaturated or saturated poiycarboxyiic acid or an anhydride thereof; 
and 

(D) 0.01-0.2 part by weight of a heat-curing catalyst 

2. A coating composition for optical plastic moldings as claimed in Claim 1 , wherein the siiane compound is 
one which te represented by the fbrmula:- 

R.1FVSI (OR*)***) 

(where R< denotes a C« organic group having an epoxy group; R 2 is a hydrocarbon group, haiogan- 
atad hydrocarbon group, or aryl group; R? Is a C w aJkyl group, alkoxy group, or acyl group; and a = 1 , b 
«1or2.) 

3. A coating composition for optical plastic moldings as claimed In Claim 1 or 2, wherein the titanium oxide- 
based composite fine particles are those In which titanium oxide is Integrally combined with Iron oxide 
and sflicon oxide, with the ratio of iron oxide/titanium oxide being from 0.005 to 0.1 5 and the ratio of sflicon 
oxide/(tron oxide + titanium oxide) being from 0.03 to O.70 by weight 

4 A coating composition for optical plastic moldings as claimed in any one of the preceding claims, wherein 
the titanium oxide- based composite fine particles are those which are surface-modified with a siiane cou- 
pling agent 

5. A coating composition for optical plastic moldings which comprises: 

(A) 1 part by weight of a hydrolyzate of a siiane compound; 

(B) 0.2-5 parts by weight of titanium oxide-based composite fine particles having a particle diameter 
of 1-100 nm in which titanium oxide Integrally combines with silicon oxide, with the ratio of s Eicon oxide 
to titanium oxide being 0.03-0.7 by weight; 

{C) 0.02-0.5 part by weight of an unsaturated or saturated poiycarboxyiic acid or an anhydride thereof; 
and 

(D) 0.01-0.2 part by weight of a heat-curing catalyst 

6. A coating composition for optical plastic moldings as defined in Claim 5, wherein the siiane compound is 
one which fe represented by the formula below. 

R^'R^KCR?)^) 

(where R 1 denotes a C„ organic group having an epoxy group; R 2 is a C^ hydrocarbon group, halogen- 
ated hydrocarbon group, or aryl group; R? is a C^aikyl group, alkoxy group, or acyl group; and a = 1, b 
= 1 or 2.) 

7. A coating composition for optical plastic moldings as claimed in Claim 5 or 6, wherein the titanium oxide- 
based composite fine particles are those which are surface-modified with a siiane coupling agent 
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